A comparative study has been carried out of the growth of two lines of Datura innoxia (Mill.) Previous studies in this laboratory (8) suggested that Datura innoxia suspension cultures could be a model system from which higher plant cell mutants could be derived. The recent isolation of an auxotrophic cell line requiring pantothenate for growth (19) has lent support to this contention.
DI-6 culture growth was inhibited by 70%o at a chlorate concentration of 30 micromolar, whereas growth of NR1 was stimulated by more than 60% on the same medium and by 100% at a chlorate concentration of 30 millimolar. In the presence of 100 millimolar chlorate, the growth of both cell lines was completely inhibited. This clear difference between the response of DI-6 and NR1 cells to chlorate even in the absence of nitrate lends support to the observations by others that chlorate inhibits cells by a mechanism other than, or in addition to, its nitrate reductase-catalyzed conversion to chlorite.
Nitrite reductase was induced by nitrate in NR1 cells as well as in Dl- 6 . This observation is a further confirmation of the fact that nitrate, not nitrite, is the true inducer of the nitrate assimilatory pathway in higher plants. either reduced NR2 activity (17, 21) or impaired nitrate uptake capacity (5) . Muller et al. (13) (14) (15) obtained valuable information on the structure and control of both NR and NiR through the use of suspensions of chlorate-resistant cells of Nicotiana tabacum. Glimelius et al. (10) further demonstrated the use of such auxotrophs in somatic cell hybridization.
Previous studies in this laboratory (8) suggested that Datura innoxia suspension cultures could be a model system from which higher plant cell mutants could be derived. The recent isolation of an auxotrophic cell line requiring pantothenate for growth (19) has lent support to this contention.
Here, details are given of the isolation and partial characterization of a chlorate-resistant variant isolated from D. innoxia cell cultures.
MATERIALS AND METHODS

CELL CULTURE
A predominantly haploid culture of D. innoxia (Mill.) was obtained from the cell culture stocks of the National Research Council of Canada, Prairie Regional Laboratory in Saskatoon. This culture, designated DI-6, was routinely maintained by transferring 10 to 15 ml cell suspension every 7 days into 250-ml Erlenmeyer flasks containing 60 ml either fresh B5 medium (9) (3, 4, 16 NR. NR activity was assayed by using both in vivo and in vitro tests. The in vivo method used was modified from that described by Ferrari et al. (6) . Fifty ml cells, which had been incubated in nitrate or casein hydrolysate medium for 48 h (see "Enzyme Extraction" above), were collected by vacuum filtration, washed with 100 mm phosphate buffer (pH 7.8), and then resuspended in 50 ml same buffer. One-ml samples of cell suspension were placed in Thunberg tubes, and 0.1 ml 100 mm KNO3, 0.1 ml 30% (w/v) I-propanol, and 0.8 ml 100 mM phosphate buffer (pH 7.8) were placed in side-arms. The tubes then were repeatedly evacuated by aspiration and flushed with N2 gas for 10 min, after which time the contents of tubes and side-arms were mixed and incubated at 30 C in a water bath for 0, 10, or 20 min. Reactions were terminated by adding I ml 2% (w/v) sulfanilamide in 2 N HCI, followed by I ml 0.05% (w/v) N-l-naphthylethylenediamine dihydrochloride. After a further 30 min, the cell debris was removed by filtration and the A of the filtrate at 540 nm was'determined.
The reaction mixture for the in vitro assay of NR contained 1.3 ml 100 mM phosphate buffer (pH 7.8), 0.1 ml 100 mm KNO3, 0.1 ml 3.7 mm NADH, and 0.5 ml enzyme extract in a total volume of 2 ml. After 0 to 30 min incubation at 30 C, the reaction was terminated as in the in vivo assay. NADH-Cyt c Reductase. The assay was performed as follows: 0.5 ml to 2 ml 100 mm phosphate buffer (pH 7.8), 0.3 ml 2% (w/ v) Cyt c (horse heart), 0.2 ml 3.7 mm NADH, and 0.5 ml to 2 ml enzyme extract, in a total volume of 3 ml, were placed in 3-ml silica cuvettes (1-cm light path). Controls lacked NADH. The reduction of Cyt c was measured by following the rate of increase in A at 550 nm in a Unicam SP-800 recording spectrophotometer.
NiR. Assays contained 1.0 ml of 100 mm phosphate buffer (pH 7.8), 0.1 ml 1.0 mm NaNO2, 0.1 ml 20 mm MV, 0.1 ml dithionite solution (see "FMNH2-NR" above), and I ml enzyme in a total volume of 2.3 ml. Reactions were carried out as under "FMNH2-NR" and terminated in the same way, by oxidizing MV. The disappearance of nitrite was measured as in under "NR" above.
All of the above in vitro assays were modified from those described by Wray and Filner (24) except for the MV-NR assay which was a modification of that described by Pateman et al. (18) .
NADH-dichlorophenolindophenol reductase. This reaction was assayed by following the rate of decrease in A at 600 nm of solutions in 3-ml silica cuvettes (1-cm light path) containing: 2 ml of 100 mm phosphate buffer (pH 7.8), 0.3 ml 0.1% (w/v) 2, 6-dichlorophenolindophenol, 0.2 ml 3.7 mm NADH, and 0.5 ml enzyme extract in a total volume of 3 ml. Controls lacked NADH.
NITRATE DETERMINATION
The procedure used to determine the nitrate concentration in cells and spent medium was a modification of that described by Young (25) .
Five-day-old cells grown in medium A were filtered, washed, and resuspended at the same concentration in a medium containing nitrate as the sole N source (7) . At intervals over a 7-day period, 5-ml samples of cells and spent medium were collected and filtered, the cells were washed with five 2-ml aliquots of glassdistilled H20, and nitrate in the filtrate was determined.
For the determination of nitrate in cells, 100 ml 5-day-old cells grown in medium A were filtered, washed with sterile, glassdistilled H20, and resuspended in 100 ml B5 medium lacking N.
After 24 h incubation, 2 ml sterile 50 mm KNO3 solution was added to the medium and, at zero time, 6 h, and 24 h, two 10-ml cell samples were collected on Whatman GF/A filter discs, washed 5 times with 10 ml glass-distilled H20, resuspended in 5 ml glassdistilled H20, and heated for 30 min in a water bath at 95 C. (25) .
RESULTS
Growth Characteristics of DI-6 and NRl. In a medium where casein hydrolysate was the only N source, DI-6 usually grew better than did NR I, which showed a lag of about 2 days before increasing in dry weight (Fig. IA) . In a medium where nitrate was the only N source, DI-6 cells grew as well as in the presence of casein hydrolysate alone (in Fig. 1 , compare A and C), whereas NR1 grew only slightly in nitrate medium for a few days (Fig.  IC) , after which time growth ceased, and the cells eventually died.
The growth of NRI was slower in casein hydrolysate medium to which 49 mm chlorate was added than it was when chlorate was absent (in Fig. 1 Fig. 1 , compare E with A and C). When 49 mM chlorate was also added to the medium containing both nitrate and casein hydrolysate, the growth of NRI was similar to that in the presence of casein hydrolysate alone and chlorate (in Fig. 1 , compare F and B), whereas DI-6 cultures grew slightly (Fig. IF) .
Results (Fig. IB) indicated that NRI cells were more resistant to chlorate in casein hydrolysate medium than were DI-6 cells. When DI-6 and NR I were grown on a solid medium where casein hydrolysate was the sole N source and chlorate was present at varying concentrations between 30 /IM and 100 mm, the growth of NRI was stimulated by about 100%1o by chlorate up to concentrations of 30 mM, whereas the growth of DI-6 was inhibited by about 701% even at the lowest chlorate concentration tested (Fig.  2) . The growth of both cultures was completely inhibited by 100 mM chlorate (Fig. 2) .
Utilization of Nitrate by DI-6 and NR1 Cultures. DI-6 and NR I cells were grown in a medium containing 25 mm nitrate as the sole N source for 7 days. The nitrate in the medium was completely depleted in the DI-6 culture by day 7, but there was no decrease in medium nitrate in the variant culture during the same time period (Fig. 3A) .
Attempts to measure the accumulation of nitrate in cells growing in a medium containing 25 (Fig. 3B) . The amount of nitrate in DI-6 cells after 6 h of incubation was greater than that after 24 h, whereas, in NR 1, nitrate continued to accumulate in cells throughout the 24-h incubation period (Fig. 3B) .
NR and NiR Activities in DI-6 and NR1 Cells. The results obtained from growth studies (Fig. 1) nitrate uptake was measured (Fig. 3) indicated that nitrate could not be used as a N source by NR1. Consequently, DI-6 and NRI cultures were examined for NR activity. NR activity could not be detected in either DI-6 or NR 1 cultures when cells were grown in medium A, ie. in the absence of nitrate.
When measured by both an in vivo and an in vitro assay, NR activity was found in DI-6 but not in NRI cultures after 48 h incubation in a nitrate medium (Table I) . When NADPH, instead of NADH, was used in the in vitro assay, no NR activity was detected, indicating that the only NR activity in these Datura cells was NADH-dependent. In addition to NADH, a number of other physiological and nonphysiological chemicals can serve as electron donors or acceptors and can be used to demonstrate partial reactions of NR (2). In the DI-6 cultures, all of the partial reactions of NR tested were shown to be present (Table I) . NADH-Cyt c reductase and NADH-2,6-dichlorophenolindophenol reductase activities were also found in extracts from cells not exposed to nitrate, but the activity detected in both assays varied from 10 to 40% of that in extracts from cells treated with nitrate. It is also possible that some of the nitrite formed in the MV-NR assay could have been reduced further by the NiR known to be present since MV can also be used as an electron donor by NiR. However, the results obtained in the FMNH2-and MV-NR assays were similar, which suggests that any contribution to the loss of nitrite by NiR during the course of the MVH-NR assay was small.
NADH-Cyt c reductase and NADH-2,6-dichlorophenolindophenol reductase activities were found in extracts from NRI cultures but neither FMNH2-NR nor MV-NR could be detected in the same extracts (Table I) .
NiR activity could not be detected in any culture when nitrate was omitted from the growth medium but was found in cells cultured in a nitrate medium, although the activity was lower in variant than in DI-6 cells (Table I) .
Revertant Selection. NRI cultures were used in an attempt to isolate revertants, i.e. cells which were again capable of using nitrate as a N source. Cells which had been growing in medium A were passed through a 500-,um mesh screen to remove large cell aggregates. The This observation supports the conclusion by several workers (I 1) that nitrate, and not nitrite as proposed by some (12) , is the true inducer of the nitrate assimilatory pathway in higher plants.
Commonly, chlorate resistance is attributed to the inability or impaired ability of cells with a modified NR to reduce chlorate to the more toxic chlorite, a mechanism first proposed by Aberg (1) .
In the case of Datura, the DI-6 and variant cultures were differentially susceptible to chlorate even when grown under conditions where NR activity was absent ( Figs. 1 and 2) . In medium A, where casein hydrolysate was the N source, DI-6 cultures grew less well in the presence of chlorate than did NR 1, although they were not killed by exposure to it (Fig. 1) . The origin of this effect is unknown but may be related to the observations by others that chlorate inhibits cells by a mechanism other than (4), or in addition to (15) , its NR-catalyzed conversion to chlorite. This, and previous work (19) , has shown that not only can variants be isolated from the true haploid cultures of Datura but that these variants could be useful in studies of particular metabolic pathways.
